Ultrastructural uncoupling between T-tubules and sarcoplasmic reticulum in human heart failure.
Chronic heart failure is a complex clinical syndrome with impaired myocardial contractility. In failing cardiomyocytes, decreased signalling efficiency between the L-type Ca(2+) channels (LCCs) in the plasma membrane (including transverse tubules, TTs) and the ryanodine receptors (RyRs) in the sarcoplasmic reticulum (SR) underlies the defective excitation-contraction (E-C) coupling. It is therefore intriguing to know how the LCC-RyR signalling apparatus is remodelled in human heart failure. Stereological analysis of transmission electron microscopic images showed that the volume densities and the surface areas of TTs and junctional SRs were both decreased in heart failure specimens of dilated cardiomyopathy (DCM) and ischaemic cardiomyopathy (ICM). The TT-SR junctions were reduced by ~60%, with the remaining displaced from the Z-line areas. Moreover, the spatial span of individual TT-SR junctions was reduced by ~17% in both DCM and ICM tissues. In accordance with these remodelling, junctophilin-2 (JP2), a structural protein anchoring SRs to TTs, was down-regulated, and miR-24, a microRNA that suppresses JP2 expression, was up-regulated in both heart failure tissues. Human heart failure of distinct causes shared similar physical uncoupling between TTs and SRs, which appeared attributable to the reduced expression of JP2 and increased expression of miR-24. Therapeutic strategy against JP2 down-regulation would be expected to protect patients from cardiac E-C uncoupling.